NO. l 


pa Mau, © I2 - 20/87 


Exact results m QCD and. spin sy stems via anash, acl 
Vaya Tanizaki. 
(RIKEN BNL) 
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2. SUCN) amol SUEN) a2 Heories. 

3o Mass less QCD Capplicatiba (£2) 

4 Anpi- ferro epis sp chain č (xpplicalos. Q3) 


l. Ane mal, matelun 2 


GeuyT Y d-dim. QFT with Symmetry È, a 
( Henz, we asume fec simpleity — Hub G i an iernd. golek Symnehy 


Thes Eu amomahy. with G- 2 Ti 
S» Lx A lea G- gomg full , and A AtdO hethe 
G- go Are jor AU, Hen 
ECArADI = ETA\ eg VC ATA 
R pase ambis ity 
re. He phe of petito feet. * [T "E yr 
we pt Fo Hang nns C- bee. 


Rosado. 
6 I$ we wat ode make A dynamical , tHe positio fee. 
mat be we debel wont phare e eA. 
In te enne , bea. PUE M is cul. dia. gonge anomaly, 


2. PA lotune G- io Ha gott symmetry, amA tio 
Ha & Meet omomaly ole not Cua. Ono. pækems 
Retha o well ee Hut Hu € off anome providi 
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Anemaby Em Spare 

We. assume (in Hus genua. dicume ) Ht Hae 

o Cac aul Lig, He tenm w^ (dtD-d—. G- =x 
action » Cora tern (d40-4—. SPT phase peetecteot ha © 


ua de wet leen Ha _ countinexamnph do thio assuepli ) 


r De£initien É syemetvy 7 protected to poloo) stilzo lon lem ) (Lu. X6. M. 


The Sesten — Le geppel. , eat hao tte trigue yeee stala . 

. Ths goumd s cue be mapped to He mahir- produt srlr 
'ni uminn, brons formado pre senatus G-. 

M G.S eA he tef t Ha posait stolis if ta syty i edt respa. 


On priaci pal G-- ben, He petiton fuscus. Zer CAJ -— o 
— hepi gweu ho a pee. pet. 


Zar LA] = erp (i Sep CA1) € UW , 
wlsa Sep ia (Ati)- dim. topo logic 


We — toner oem io RG- inm t 
esf 


dX wo pt e system om ID M be d-o. mgd. Ha 
Ha G- balke str., then He postes foe € am eee —— 
Zaa CAd 1 = Zaa LAI opli Co, A1). 


The Gee, ~ ~inslow ASS umplan clau uu, Ls. pepe, (41) - ol. SPT 
pss. am Xari sc. 9 Xaei “Ma, tHe combineol system, 


Z Ma LA]l- Z SPT Xart LA, 


20 
action . 


eto 


Ao wel. - dual 3 = i 
S Qt ang- enag scd, ZaaaUA] ven  reprodmee Hoa Same 
amamah $ so tea lw- Tera yg Ld fto DA Zua bao da 


Some E Hooft orales. 
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Classic ex a s. € ) 
QCD t N$  masslss Diac fermion. ĝ 
Jt he a flao _ syemehy — SUCNG)L € SUNSI, and Hio has 
Hu- (peche) "C Hegt anomalia : D 

L,R: X* r fle Sov) fi 

eL L+ w 5 des Ug Se ] id Lat SD fct5ÓAm. 

eLL, R]. exe [3 jc] Or a(Rag es 8) - Allal t pef] 
Tho v ot the trivial man gup fn QCD + nasless pakn 
| confor vl. phe. 
|  SUCNDLX SUOH)R. d spontammaky brukon . 

The olio genna suae BU Me)y C SOC e a SU CNIR i anomaly - free. 
Ween SSB  SUMNLASUWNE Je — | JUCM&)v occurs, the aee) s 
welch ly — Wees ~ umno — litten actes. 


m. E GET A gue des. E oft asas. 


MEE. NU EP haha of He QET às ceste ao — 
L SSe % G> to « cartain toon -free subse p 


Coss focal. beledoA. 


Tope iud orlen. 20 


X de ue Cpe) kmoum f a bng Fen, but reed emet yo 
PLA CS no t epp. Hane ecl to Vw eL» symmetries 


Discrete syametoy 
SOCN) ves, — SCA) 
ZN 


Higa - dorm Sy ee thes 
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7——T 


SOU aA, PSUCNO Yang- Mdb Harg- 
Eor 


( Rexiw » Alweery , Er v Tas kau. ) 
E ecd Kapustin, Sei 
Spliehy , we oly comnis &D pnella. 7 Ts 


The la hebes of SON) ak PUO EA 


oe guln). 
* Eleetie — doc. 
Classical, 5 Wal [HE £ electric chang = represeutuL.. e(t SUW). B 
Quac TE TERME Cr. $210). 
eme ln 7 = Only the X L4 Yo tablan 
T mob N is Pea nig . 
Lb > Ha electric chenge is hbelleol A € ZN. 
; Fn SON) YM, Hae Wawes electri AT 
Fan PSU) YM, —— 5 ——— RO, ] 
M el. M 
Mayat hanger ee in the rep- EA G MO obul ar Sec. b 
dm amk T e D chus de. usar 
lle, 8.) € ZN "* ZN., 
Fa det 


: Lein peus Lhe, we remain He Dirac : 
IF bth (e,m) anl CR, X2) — bem, poist-like dest putiko, Han 
E (3 A Ba) 


= O0 mol L. 
C Mutual ee cei). 
Pan s00)0 XM, 


28 


We howel oheyeo ae — IK lot C du Zw 

^a P5ocy) YM, Ha aMewed hagel ont : 
,03 (650 , Qo,2), ---, Geor 0L CE Ev. 

dn Some. p=0.U---;, N-t Po cabe ia obice Hats agl. 
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Consruston of P $OCO. YM ds Sow) YM 


dk a Le He SUW) yy FUL, oA 


G-do *o^a 


bet KAA stoth: 4D SOUN) YM so sae ko- 


S= aghi (ert G) e iE (GG). 


Ir hiso He gom Laa 


i: operae. ) 
We) = «*«LPeeCEo)] 


vé. Coo henge CLO) E Zuk 2». i Te ds Ha edhangeel object 


D Ha lelechic ) Zu l- form Symmehy . 


We obtu. PS UIQ) yM hy. pyy He Zw f- form syrnedry t 


— b de Ha, we deua. tHe Zu 2-bm yy Rt B. , 


l ie. B às He UM 9-$90 goe EA S, setitfyiea- 
NB = 4C 


witha Some UU) I- fors e Rl Q. 


To sais ty dé ^ consu, we. dMvesbecne the yy veplws fill E, 


x 


amol. dfe. He fepeleidl. action 


Srer = S FA (dC —NB) + WEfBA B. 


Eo M. A F s XB a 
C — = y 


whid s a5 we waw. The action ìs invaniat aat Ta 


Vu) l- form Jot He aA 


B — B+ dA 


Te > C + NA, 


+ 
PF — F+ gdA. 


â Ster = +H f danda -*tiniM(c il » e e zne i Z 


i le oet Bf darde g mit: Ça ac ) 


This oleo nt affet tHe path intek sÉ te Z 
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We enskih He SUW) geg y b UW) ET 


Za Ha OUN) gue teld stress b: 


A 
Qa +A 


€ — C tda. 
Qn c. resl , MR A EE E 
4 — 
The geotet acto io 
RN = xk LC - B) aC% - B) ) * i8 Pe - B) ^ (& -B)] 


PSotR) — — 
t 


Ef Falae- nB) + ER f'gAB. 


e Locate, , Eom g F eo B= | gac ak ca n 
ac Hou . However, a io mt welk- ol abl, on. affects non- Loc opel 


z Wilson hiene x wÉ gta inv. vo cer Lra operski : 
wcce) = PCPRA TI 
io ont ye w ulen A AtA We mt attad the 
SG Poco. opena Em (292-2 C) 
SCI) = w(Papf Ua (- ig 9). 
Sue. dB - Nd (AC) 20 «o ? du wt fena A oA iahini tesine 


hee x L, daut shil PEI Onn enr of 2-. : 
ce» Th. L4 S»ow) ome £x ue Ha test chey Cno) wi 


n zeli, N-li. 


to We could Ha Æ Hooft Cu — LU (c,T)7 exel f CF - e B2] 
TL Go Ha chege CODE Qux Civ. We cum see tut ta olyoni 
line HCI) We, x) i € ie cs. opinado 
an A P^, lP 1) € Zyx Zv is a gerine partiele. 
PSUM) y Mello _ dise. 


KOKUYO 


DATE 


Doa "nre Ea c bad. mmm me 


SUCM) Xan- Milo Hany. a O=O is belied do bwe a eaa a 


Wittin bar arped i SDi Hat thir s t ire E OSR, has 


4. CP reno, is spontanesu obo, fake. i He lasa -M A. 


Syemety of SUN) Yang- Me: 


por] 
"Zu L-form Symnmeby w(c)e» e" wt). 


* Q? symmetry ENE  -$n$«4(6^€)) 4 O=, 


Clais . That «^el Wft e, hn Zu kem «4 CP 
symmeh ly N is even). 
O N àe odh, i4 ìs repat bu ha, ooo inen doneg - , 
We okip Xt» exphewbL i. tnia seminars, Ph dgleal, see Kikuchi, Tuiaki, 1708.01% 


We. tet Tae Zu |- foc. sy 


maig Han : - s 
ZB) = fga erl zg C79) ne (E-B) + i r (G- mo (6-0) + IE Bab, 


We. pecore Ha CP dere 


ZCB] S faa ve zp C78. (&-89]-— im SrCe- -6a (E -gl]- Pj pn. 


= faa ee ag e CE- B) ^r (E-B) + iS 3H B) ^ (e -6)| + f g^ 8] 


x erp [- aS EC afi ECE-8) ^ (&- 8)J - UP GAB] 


en Jexx(8^0 


enu de 


NCNCHENUT TIGER feag d. 


Se Sen e EZ, ENPURADI Heel ano, f -1+0 


mollo N. 


IS Ni enm, ary PEN dont subo; H7150 ent V. 


Thao om & Hooft omomnby n Za X OP. EE 


eicae Me. ane, at 02K, tea aem sbl a> 


AU" i baskon cn CP ie kroko 


$7 Chrmal CEN 


Topolog 00000 
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Wb, Coe — seem dX 3OC(Ns) uU * SOON S) R bno am € Hooft 
Meere, b. tle hiano seyran (e klak ^A mew Æ Hooft 

AT codi ^ £ 40. aapecko tla symmetry. 

e ced ANAA ET SP do: 


l BLAME alio , mor 
NE siephot v we se Nem N; = M. 
Symmetry t wu QCP wi. feithid representat : 
SoQe)e X SOQV) 8. X Vuy x Zavala " 


€ E (Zus) ux CZv)n X CZ2)e X Ne. 
Tio pest uel. he 
wg new, omk importas 


2 3 Dat, ig dev. mh CUIU X. UNER traws. 


= Fr e UL. , Pj PU 94.0. , 


= "Et — 9 odir , beT Eio TRUR, 


2. 

z = = 5 =i a oS 

dee fep? = ThA + 5): 2 $ A D (my e CEF))? 
TAE nuE, ey Xr. 


= $5. D. 65 t d$? ID. êr 
Q(Ne)s "EOEVO e d. € sow)n om. 


Mao p^ 
$e 
(n 


um E 50 C) ALXU(QR 
r) = SUNA SU RX UD 
[9] [679 9.1 (81079) RO (E44) — K Cu RC 


The classics Ley . 
UXODuLx UCR = UO y XUA ga o since 
eiS- iF eiO E a o Y e E 
( pz appena sine A2 gT € VMvy and ~l = en e UMA aua Ha .) 
Sym meh, is  expliciHy bnoko. + Qu )A by ABJ anoman 


UMA 
58 Ai e Bg B3. lna: gà Sreerag). 


MN iei rlen eZ, Hi is syst, calo, Pd x= 35:4 . 


Toce, AX ds often saik tut He Sy rect off maskes | CACD 


(Zw), «CZ u)R ^. Za, 
Th acts E G^. $e sello ĝo Lut MT on ye. 


f: T r s T 7 7 F r ———r T E r T T z 
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— Eu n ipm TIU pus "RR 


Umba O0) v, 
Mi M, B — ei^ 9 B,- 


Corect — normalis. ef Oy Ao Gy Qv + p inten of 9y-8,*2. 


We must clevce ha Zu dn correct bak symmetry - , 


We) at Ne= Ne O60 seg), uel pey eti k Ha suere p 


SUMY y Zaoui € —G- 


Zye panan N, 


Since continue. pet orby cedens vecti -lika spese adies T- is frea froma v 


Bd $n PUO Zu c a SD Zu dcos 


"Fla gegen 
SON) far dd A uos sym. $ 990Dat. X COO 
Zu  2-form gege ROES (B) E) 


CNE = AC). EAA 


E s ae UCN Vesien gge Pell a 


TAO 0) dus Bd. 


wrta) — m (9. ü, — AS). 


Y he geg A act Ao 20 


S-——L Pe Ec - B) ^ CE —8)]1 5-9 ve Q5 9, 35) T- 


I+ is. inv. D AN OQ) l-forn f semap aai Tee 


We. gestore He Qa) A rowvodorm ada. : » 


c, f E FE aFÌ } 


DTD-t epp (2i F5 dx 


whae F= WX -Wa (d«sX- X9 


= (Aŭ t+tXaă )— CaA AKANE 


h fae s CFnaP] > dh Ce] + Za eC aRR ^ ax] em ps 


IT 
- 2: da CdA] Hy CAR] 
mmc C MZ. 
led EY ys 


2: 55 dt op (i AX ARI -Sean ). 
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" N23, SUN) wk O2 u)a Vnus i € Hood 


nÆ only SONel a but olor 2 maut he HR 


Is <$ 1? +0, i+ is satisfied . 
lt rko out č He exotice senario , callaot tte Stern pha, 
whid ùs characterized hy, ($2220, Ka Ta t Irn "ig ». £Q 


Zn- QCD 


Usually , He € Hot anomaly ey appe oky n guk Hokio 
ond oreo nit apply dn He Sinite tenpentea pho ] 


NE HOUSES Z».-GcD, 
weil i (CD wh te sy - Jeüuked bo conolihon 


Tasuhl, Msumi Sukai. 12/0. ah 
amizuhi, Kibachi, Füreeu, Sukai, UTI. 1048) 


Zu-QCD y up big Ha kr cobit, 
$ (x, Xart) = (S oma) tO Xa). 
WA C) = ev $e Polyakov line , C2. 


Sunc of PAN, - QCD. 
Aux symmetry (colo - flun centen Symmetra ) 
$a im A Peoióv e ) — Ww $n 
4s m> ser : 


Ud $50 [fT He b.c. (lixar) s Qe (Xa) is eee tu» 
Txe) = w NQ (xa), 
S amt (2. 
x: Pooler > U: eolo 8 
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pa p 
$ deps tHe be. 
UE UC) 


wu 


berd = UNQUY $060, 
socN)/ 2. 


ENTE d 


wita L do he a symmetry. 
HET ES VUOLE uc 
Gau) a. 
We 


JIE 


(Zu) a X vega 
e (Zu) un 
VITP RM 


Fel [3 4) 

F aaar ae Joe. 2 
Zw» 2- gonm mm Ley E 
o Swa BU 
Ei 


eld B consists bth of BU) a—A mn 
B= BP a.Xbp7"dxt a BU, 


> : -— 
S eer ZD ^ BU. L'dx 


i: LR 
HN fu, 87^ B". e 2352. 


Boocmeemel Hj t Fen 


vulg 3 2, 
Ziv) e 


Kokuvo 


à 


DATE 


p £z T ple spin DM ETETA Q) ji 
ID Qa- ferro mailie spin chain io droerukbesd F 4 F U 


La (0 D O(3) NwLoHM: 
us iix INAK tole Eme n Ants nf 3 


with = ər S. (a S1). 
mr conjecture 
U Fa integen S, Hae system is gapped . 
En h-ite S, He syshem is 
«— Origieud, , To was sow Ly- m Lieb uima- 
Lieb- "Sad. - Medo Haor. 


(«0 D OQ) NLoM x epit h CP molek. , 


n = 2t Cz (CC. Tel = 208 Te À i 
gztz= L 
S= Af iura + i& fda 


Q. ào He edis. UCI) a SU 
(n 2eC"^ wid 2*2 -1, Hu) ds Cp ^ P) 


We. olis cuss Two ^. Heoott P fn ga 7C: 


mi x C C Komemgoolski , Shannon Thorngren, FE ! 
* e x P x F C Sulejman pesi. 2 dede, 1802.02 153) 


t Hofe Oo eme lo 4&4 SOOD/Zwv QC. 


E BeOS hansha Susa, ha — 8OOD2U aC". R, 


ed. Toa. e p "3 iny. na A Suc"). 


However Ha Uc) gon- symmeby Sene Tet 
iov... t E Zy [es SOC) clen va act fai alb, en tho giw. 
local operako such ev 2*2 z! Ta Z p et d s 


^. The correct S yarn p Soc 


TS 
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p ; nu nn -— 
Uuo 24-24 uc 
( As S0CH) 3-22 Held 
B Zu 2- form ye Fiel CNB = do). 
A = A*zC e « UC) 2—9* cennect/íow , ; 


We A 


anel He y^ Lyme p 
J—— a Gere OX ge ie fka -BJ— 
Ir is nv wu. OU) bl f y Hroms, 
à — atA o 
Á— X*A lae. CC * WA) 
B — B*«dA, 


—— kht w aprh C et OX. 
b = C z = z- ^1 SÜD $ in A C o K, 155 
ZorB] — Xd TET e Gpecxie cie p piment NE 
o (i aD a) SAE) 
Degat T m 
= Zon CA. B) e` À PS . 


The possible leal coutin- Rom eliminati TUS enl 
n iB O ou s RE Z. ç 
Z i " —i(Q«04 B 
ac CA B] kS z pa sux CA - e s ; 
IS M i. even Gedapu CP), — htl OA ag kE Zu. 


il 


That’s Aan ^t Hoettt amomaky, Pd 3U) Xx Q, . 
at O-n (A M22. 


news, matila claims e 
: Syw) ES o us rtamesuky krkin 
Conformal <— (P a Or " 
Tepologicd oroen. 
PUE oant be berken hy Coleman- Hermi -Wogan Hn. 


% 
E S 


EUR ME TETUR 


7 we dol A& NaJ DEA without p" p D mmety. 
$a CP! moak. Ki 7 
C. changa con juae ion C (mia, t)) = -mí(z,c). : 
perty P (mx) ) = NCT). 
T: time remsso TlmaTt)) =— ma, -7 ., 
amd P an spent onlay at O-o,m. 
CP oand T ane. symmetry ax ea O aA dw në chipe boyy Eal 
PA cites, CP & T. 
conda tio» 


> 0 Twisted — bow 
EE E = T(M(-t,c QLDRCA-ML 
)] = ' 


(x, £) = CP(m( (x,-£ 


We are considanina R p^ instead £ E s 


M Possi ble Co EXILTEEY 
A 


" IS 


DATE 


E E O E E 
imply that 


Q m RP e 4t Z. 


nR. C nR g 
Tiens, e JEN TK = mi ga Hat 
Z RP on (-UÜ ZRP} 


Ta genen. ; we howe om Le lool t- amo mala 
2 C Qi dA CR) 2 (^ : P Stiefel- Whätney clan 
, M A. obstrwchen of ariewtoctie 
E On Klein bottle , the Oeo nane vamisheo. To detect +a Arno mal, 
we "euo ata bu CP ad T wd pt ta theory om RP? 


A no maly muteli Sag 
" i LS A o l is Ey " 
i con on A bebes. DOE C A 
(0 Fepelosyiee ens 


(qm witha He anony dn Tow) xC yi Ge Coe Seug TU 
Ha pe siue satish es 


z SSB eC 


Confer e noon 
t P? loy tes orda 


Conclasiowo. 


Rec t ove pert om ope nl phano of miller oblon w2 
4o stuoly He exact pre peties eG hterachi g @QFTs 

woi omom, makel conch Az - 
The applicability become much wiler tham a few ge hfe 
aT pe ane in tle exeité-, sikue nht nos - 
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